Sea state can influence the turbulent air-sea exchanges, especially the momentum flux, by modifying the sea-surface roughness. The high-resolution non-hydrostatic convection-permitting model MESO-NH is used here to investigate the impact of a more realistic representation of the waves on heavy precipitation during the Intense Observation Period (IOP) 16a of the first HyMeX Special Observation Period (SOP1). Several quasi-stationary mesoscale convective systems developed over the western Mediterranean region, two of them over the sea, and resulted in heavy precipitation on the French and Italian coasts on 26 October 2012. Three different bulk parametrizations are tested in this study: a reference case (NOWAV) without any wave effect, a parametrization taking into account theoretical wave effects (WAV) and a last one with realistic wave characteristics from the MFWAM analyses (WAM). Using a realistic wave representation in WAM significantly increases the roughness length and the friction velocity with respect to NOWAV and WAV. The three MESO-NH sensitivity experiments of the IOP16a show that this surface-roughness increase in WAM generates higher momentum fluxes and directly impacts the low-level dynamics of the atmosphere, with a slowdown of the 10 m wind, when and where the wind speed exceeds 10 m s−1 and the sea state differs from the idealized one. The turbulent heat fluxes are not significantly influenced by the waves, these fluxes being controlled by the moisture content rather than by the wind speed in the simulations. Although the convective activity is globally well reproduced by all the simulations, the difference in the low-level dynamics of the atmosphere influences the localization of the simulated heavy precipitation. Objective evaluation of the daily rainfall amount and of the 10 m wind speed against the observations confirms the positive impact of the realistic wave representation on this simulation of heavy precipitation.
the mountains due to low-level convergence over the sea or due to 38 a cold pool beneath the convective systems . 39 
Several studies examined the influence of the Mediterranean 40
Sea in the generation of HPEs. Duffourg and Ducrocq (2011) conditions by the COARE parametrization. These reduced air-63 sea exchanges led to a decrease in the moisture feeding of the 64 convective system with lower simulated rainfall amount.
Past studies based on the analysis of in situ data have 66 highlighted the wave influence on sea-surface exchanges through 67 the dependence of the roughness length to the wave age (Smith 68 et al. 1992; Drennan et al. 2003) . This relationship has a direct 69 impact on the wind stress and therefore on the near surface 70 winds and on the low-level dynamics. A dependence between the 71 roughness length and the wave age is included by several bulk 72 parametrizations, among which the COARE 3.0 parametrization 73 (Fairall et al. 2003) . For operational medium-range forecasts, the 74 European Center for Medium-range Weather Forecasts (ECMWF) 75 has been running since 1998 a coupled system between the 76 atmospheric and the wave modelling parts using the wind input 77 France to Morocco on 27 October, 00 UTC.
113
The AROME-WMED analysis ( (Fig. 2) . On 25 October at 12 UTC (Fig. 2a) , the low-level 117 circulation over southern Spain is associated with a low pressure 118 off Portugal. Low-level flow over sea is weak, except over the 119 western side with southwesterly to southerly flow facing the 120 Spanish coastal mountains. As the low-level pressure decreases 121 over the northwestern Mediterranean on 26 October, the low-122 level southerly flow associated with moist and warm air reinforces 123 over the western Mediterranean. A convergence line develops 124 on the morning of 26 October between the southerly flow and 125 southwesterly colder winds (Fig. 2b) . A southerly moist and warm 126 flow over the Tyrrhenian Sea from Tunisia to Gulf of Genoa 127 establishes during the morning of 26 October (Fig. 2b and 2c) . infrared temperature (Fig. 3) The mean sea state can be described using two main 159 characteristics of the waves: the significant wave height is the (Fig. 4c, d ) except locally where it is superior to 2.5 m (over 172 the Gulf of Lion and west of Sardinia). The peak period ranges 173 between 6 and 7 s the whole day (Fig. 4a, b) . These values are (1)
The dimensionless wave age χ depends on the friction velocity u * 225
and on the peak period of the waves Tp only (Eq. (2)). The atmospheric simulations discussed in the following have been 285 designed to verify this assumption and to examine the impact on 286 the intensity and location of the convective systems. .
312
Thanks to its high horizontal resolution, the atmospheric deep 313 convection is explicitly solved by the model.
314
The surface conditions and the air-surface exchanges are 315 governed by the SURFEX surface model (Masson et al. 2013 ).
316
The sea-surface turbulent fluxes parametrization is the COARE 3.0 317 parametrization (see section 3.2). 
Sensitivity simulations 319
Three sensitivity experiments using three different configurations 320 of the COARE parametrization are performed, using the same 321 experimental design as in section 3.2 (Table 1) .
322
The three companion MESO-NH simulations all start on 25 
330
The SST remains constant during the 36-h integration. (Fig. 10c) , with a location that corresponds quite well to the 344 observed one (Fig. 10a) MCS1 is less organized and intense than previously over the 348 sea (Fig. 10d) . It then moves northeastward over the French and 349
then Italian coasts. When compared with the observed MCS1b 350 (Fig. 10b) The simulated 10-m wind speed over the Mediterranean Sea 367
provides a broad picture of the low-level dynamics of the 368 atmosphere (Fig. 11) . In the early morning of 26 October, the 369
Mediterranean Sea is affected by a southeasterly flow coming 370
from Sardinia and a southwesterly flow over the Balearic Islands 371 region, resulting in a convergence line (Fig. 11a) . The simulated 372
MCS1 is located over the northern end of the convergence area. (Fig. 11d) . between 07 and 12 UTC on 26 October (Fig. 13c) . to each other.
Low-level winds
In response to larger momentum fluxes, the 10-m wind speed 455 simulated with the WAM parametrization is 1 to 3 m s −1 lower 456 than in the two other simulations (Fig. 14b) . It results in a strong southward.
507
The maxima of 24-h rainfall totals simulated by NOWAV, 508 mountain range is favoured when the impinging feeding flow is 518 weaker [resp. stronger].
519
To assess more precisely the skill of the simulations, scores 520 against rain gauge observations over the whole simulation domain 521 have been computed. The simulated daily rainfall amounts are 522 extracted at the closest grid point to the 2144 rain gauge stations. 523
The mean bias, the SDD, and the correlation coefficient (r) have 524 been computed, as well as two categorical scores: the compared to NOWAV, and the correlation coefficient is increased 530 (Table 3) . Once again, due to large standard deviations of the 531 differences, the reduction of bias is not statistically significant, 532
whereas the increase of the correlation coefficient is significant at 95% with a two-sided hypothesis (Fisher test HK scores is significant with a 95% probability. This objective 540 evaluation confirms the better skill of the WAM expriment with 541 respect to NOWAV in representing the precipitation.
542
To sum up, the main impact of the slowdown of the low- cases not sufficient to represent the variability of the sea-surface 606 roughness and momentum flux due to the sea state.
607
The perspectives of this study include different steps. only.
where U , θ, q are the air-sea gradients of velocity, 650 potential temperature and specific humidity close to the interface. 651
Cp is the air heat capacity, Lv is the vaporization heat constant 652
and ρ is the air density.
653
In the COARE parametrization, the transfer coefficients are 654 determined after iterations over the MO scale parameters, the 655 roughness length z 0 , and the MO length L using Eq. (A-6) to 656 (A-10). The stability functions ψu, ψ θ , and ψq used in Eq. (A-6) 657
to (A-8) correspond to the generalization of atmospheric profiles 658
in neutral conditions to non-neutral conditions and depend only 659 on the stability parameter ζ = z/L, z being the reference height. 660
with a ≈ 0.61 and k = 0.4 is the constant of von Karman.
α ch is the Charnock parameter (see below) and ν is the 661 kinematic viscosity of dry air. 
